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abStract

7KH�SUHVVXUH�GHSHQGHQW�PRGL¿FDWLRQ� RI� WKH�1D�2� FRRUGLQDWLRQ� HQYLURQPHQW� LQ� DOELWH� JODVV� LV�
studied in situ to 2 GPa using high-pressure solid-state 231D�QXFOHDU�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\��
&RPSUHVVLRQ�RI�WKH�JODVV�DW�DPELHQW�WHPSHUDWXUH�UHVXOWV�LQ�VKRUWHQLQJ�RI�WKH�1D�2�ERQG�GLVWDQFH��7KH�
FRQFRPLWDQW�GHFUHDVH�LQ�YROXPH�RI�WKH�ORFDO�1D�2�FRRUGLQDWLRQ�HQYLURQPHQW�DORQH�FDQ�DFFRXQW�IRU�
WKH�EXON�FRPSUHVVLELOLW\�RI�DOELWH�JODVV�DW�����.��7KHVH�UHVXOWV�SURYLGH�WKH�¿UVW�GLUHFW�H[SHULPHQWDO�
HYLGHQFH�RI�D�FROODSVH�RI�WKH�RSHQ�DOXPLQRVLOLFDWH�IUDPHZRUN�WKDW�KHOSV�H[SODLQ�SUHYLRXVO\�UHSRUWHG�
GHQVL¿FDWLRQ�RI�DOXPLQRVLOLFDWH�JODVVHV�DQG�OLTXLGV�DW�UHODWLYHO\�ORZ�SUHVVXUHV�ZLWKRXW�DFFRPSDQ\LQJ�
FKDQJH�LQ�WKH�DYHUDJH�FRRUGLQDWLRQ�QXPEHU�RI�WKH�QHWZRUN�IRUPLQJ�$O�DQG�6L�FDWLRQV��6XFK�VWUXFWXUDO�
changes at relatively low pressures may have far reaching implications for the mechanistic understanding 
RI�FRPSUHVVLELOLW\�DQG�YLVFRVLW\�DQRPDOLHV�FKDUDFWHULVWLF�RI�RSHQ�WHWUDKHGUDO�DOXPLQRVLOLFDWH�QHWZRUN�
glasses and melts of geological importance.
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introduction

7KH�SK\VLFDO�SURSHUWLHV�RI�YLWUHRXV�DQG�PROWHQ�1D$O6L328 
�KHUHDIWHU�UHIHUUHG�WR�DV�DOELWH��KDYH�EHHQ�VWXGLHG�H[WHQVLYHO\�
as an analog for strongly polymerized melts generated and 
GLIIHUHQWLDWHG�LQ�WKH�(DUWK¶V�FUXVW��$OWKRXJK�WKH�WKHUPDO�H[SDQ-
VLRQ�� FRPSUHVVLELOLW\�� DQG�YLVFRVLW\�RI� DOELWH�JODVV�OLTXLG� DW� ��
DWP�FRQGLWLRQV�DUH�UHODWLYHO\�ZHOO�FRQVWUDLQHG��H�J���.UHVV�HW�DO��
������/DQJH�������6LSS�HW�DO���������RQH�PXVW�H[WUDSRODWH�WKHVH�
physical properties to higher pressures to model the magmatic 
processes that occur within the Earth. Accurate predictions of sili-
cate melt properties at pressure depend on detailed understand-
ing of the structural changes accompanying their densification.

$OELWH�� OLNH� VLOLFD�� LV� D� IXOO\� FRQQHFWHG� WKUHH�GLPHQVLRQDO�
QHWZRUN� RI� FRUQHU�VKDUHG� >$O2���]–1� DQG� >6L2���]� tetrahedra. 
0XFK�OLNH�VLOLFD��EXW�ZLWK��1D+ + Al3+��VXEVWLWXWHG�IRU�1»4 of the 
Si4+��DOELWH�JODVV�DW���DWP�PDLQWDLQV�DQ�RSHQ�IUDPHZRUN�VWUXFWXUH��
1D+ cations occupy the large holes within the aluminosilicate 
IUDPHZRUN�DQG�FKDUJH�FRPSHQVDWH�IRU�WKH�QHJDWLYHO\�FKDUJHG�
>$O2���]–1�WHWUDKHGUD��/HH�DQG�6WHEELQV��������������%RWK�DOELWH�
DQG� VLOLFD� JODVV� DUH� KLJKO\� FRPSUHVVLEOH�� DQG� EHFRPH�PRUH�
FRPSUHVVLEOH�ZLWK�LQFUHDVLQJ�SUHVVXUH�EHORZ�a����*3D��%ULGJ-
PDQ�HW�DO��������.XU\DHYD�DQG�6XUNRY�������6RQQHYLOOH�HW�DO��
�������7KLV�EHKDYLRU�LV�FRQVLGHUHG�WR�EH�DQRPDORXV�DV�LW�LV�WKH�
RSSRVLWH�RI�ZKDW�LV�H[SHFWHG�DQG�REVHUYHG�IRU�FU\VWDOV�ZLWK�WKH�
VDPH�FKHPLVWU\��%HQXVD�HW�DO��������

:KLOH�WKH�FKDQJHV�LQ�WKH�GHQVLW\�RI�DOELWH�DQG�VLOLFD�JODVV�DUH�
large within the first few GPa of compression, the concomitant 

structural changes of the coordination environments of the 
QHWZRUN�IRUPLQJ�FDWLRQV�DUH�IRXQG�WR�EH�VXEWOH��;�UD\�GLIIUDFWLRQ�
�;5'��VWXGLHV�RI�DOELWH�JODVV�VWUXFWXUH�UHFRYHUHG�IURP�SUHVVXUHV�
�����*3D�LGHQWLI\�RQO\�PLQRU�GLVWRUWLRQV�RI�WKH�WHWUDKHGUDO�QHW-
ZRUN��+RFKHOOD�DQG�%URZQ��������2Q�WKH�RWKHU�KDQG��VDPSOHV�
synthesized at relatively high pressures >6 GPa show shortening 
RI�ERWK�WKH�1D�2��/HH�HW�DO��������DQG�7�2��7� �6L�$O��ERQG�
GLVWDQFHV��UHGXFWLRQ�RI�WKH�LQWHUWHWUDKHGUDO�ERQG�DQJOHV��7�2�7�!�
�6WHEELQV�DQG�6\NHV�������6\NHV�HW�DO��������DQG�WKH�SUHVHQFH�RI�
VRPH�$O�FRRUGLQDWHG�E\�!��2�DWRPV��<DUJHU�HW�DO��������$OOZDUGW�
HW�DO���������7KH�ODFN�RI�PDMRU�FKDQJHV�WR�JODVV�VWUXFWXUH�DW�ORZ�
pressure forced these studies to speculate that the shortening of 
WKH�1D�2�ERQG�GLVWDQFH�PXVW�EH� WKH�GRPLQDQW�PHFKDQLVP�RI�
GHQVLILFDWLRQ��VLPLODU� WR�ZKDW� LV�REVHUYHG� LQ�SHURYVNLWHV�ZLWK�
RUJDQLF�FKDUJH�EDODQFLQJ�FDWLRQV��H�J���6ZDLQVRQ�HW�DO���������
DQG�LQGLFDWLYH�RI�D�FROODSVH�RI�WKH�RSHQ�WHWUDKHGUDO�IUDPHZRUN�
LQ�WKH�UHJLRQ�RI�DQRPDORXV�FRPSUHVVLELOLW\��DV�PHQWLRQHG�DERYH��
+RZHYHU�� WKLV�K\SRWKHVLV� ODFNV�GLUHFW�H[SHULPHQWDO�FRQILUPD-
WLRQ� EHFDXVH� VXFK� SUHVVXUH�LQGXFHG� WRSRORJLFDO� FKDQJHV� DUH�
HLWKHU�SDUWLDOO\�RU�IXOO\�UHYHUVLEOH�RQ�GHFRPSUHVVLRQ�PDNLQJ�WKH�
HYDOXDWLRQ�RI�WKHLU�WUXH�QDWXUH�DQG�H[WHQW�LPSRVVLEOH�IRU�H[�VLWX�
VWUXFWXUDO� VWXGLHV��2EVHUYDWLRQ� RI� QHDUHVW�QHLJKERU� VWUXFWXUDO�
FKDQJHV�DVVRFLDWHG�ZLWK�HODVWLF�GHIRUPDWLRQ�UHTXLUHV�DSSOLFDWLRQ�
RI�DQ�HOHPHQW�VSHFLILF�VSHFWURVFRSLF�WHFKQLTXH�VXFK�DV�QXFOHDU�
PDJQHWLF� UHVRQDQFH� �105�� VSHFWURVFRS\��7KH� DSSOLFDWLRQ�RI�
VROLG�VWDWH�105�VSHFWURVFRS\�LQ�VLWX�DW�KLJK�SUHVVXUH�LV�OLPLWHG�
owing to the technological challenges associated with designing 
D�KLJK�SUHVVXUH�SUREH�KHDG� ����KDYLQJ� VXLWDEOH�QRQ�PDJQHWLF�
PDWHULDOV� WKDW�FDQ�RSHUDWH�XS� WR�D� IHZ�*3D��DQG�����SURYLGHV�
VXIILFLHQW�VHQVLWLYLW\�DQG�VDPSOH�YROXPH��5HFHQWO\��ZH�GHYHO-
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